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(54) Method for administering acylated insulin 

(57) The invention relates to a method of adminis- 
tering a fatty acid-acylated insulin or insulin analog by 
inhalation, a method fortreating diabetes by administer- 



ing a fatty acid-acylated insulin or insulin analog by in- 
halation, and a method fortreating hyperglycemia by ad- 
ministering a fatty acid-acylated insulin or insulin analog 
by inhalation. 
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Description 

1. Field of the Invention. 

5 [0001] The invention is in the field of human medicine. More particularly, the invention is in the fieid of the treatment 
of diabetes and hyperglycemia. 

2. Description of Related Art. 

10 [0002] Diabetes mellitus is a serious and chronic disorder that affects 6% of the world's population and all ethnic 
groups. In the United States, approximately 5% of the population has diabetes. Symptoms of diabetes include hyper- 
glycemia and reduced production or release of insulin. Diabetes mellitus is classified into two types, type I diabetes or 
insulin-dependent diabetes mellitus (IDDM) and type II diabetes or non-insulin-dependent diabetes mellitus (NIDDM). 
Type I diabetes, in which the pancreas has stopped producing insulin, affects 10% of all diabetics, often begins in 

is childhood and is known as juvenile onset diabetes. In the more prevalent type II diabetes, affecting 90% of all diabetics, 
the pancreas can produce insulin, but insulin secretion in response to meals is diminished, and the diabetic's tissues 
are not as responsive to insulin as tissues from a non-diabetic. Type II diabetes is also known as adult onset diabetes. 
[0003] Diminished response to or low levels of insulin result in chronic high levels of blood glucose, which gradually 
alters normal body chemistry and leads to failure of the microvascular system in many organs. This leads to dire 

20 consequences. For example, in the United States, diabetes is the largest cause of blindness, is involved in about 70% 
of amputations, and is the cause of kidney failure in 33% of patients requiring dialysis. Medical treatment of side effects 
of diabetes and bst productivity due to inadequate treatment of diabetes are estimated to have an annual cost of about 
$40 billion in the United States alone. 

[0004] It has long been a goal of insulin therapy to mimic the pattern of endogenous insulin secretion in normal 
25 individuals. The daily physiological demand for insulin fluctuates and can be separated into two phases: (a) the ab- 
sorptive phase requiring a pulse of insulin to dispose of the meal-related blood glucose surge, and (b) the post-ab- 
sorptive phase requiring a sustained delivery of insulin to regulate hepatic glucose output for maintaining optimal fasting 
blood glucose. Accordingly, effective therapy for people with diabetes generally involves the combined use of two types 
of exogenous insulin formulations: a fast-acting meal time insulin provided by bolus injections and a long-acting, so- 
so called, basal insulin, administered by injection once or twice daily to control blood glucose levels between meals. 

[0005] The 9-year Diabetes Control and Complications Trial (DCCT), which involved 1441 type I diabetic patients, 
demonstrated that maintaining blood glucose levels within close tolerances reduces the frequency and severity of 
diabetes complications. Conventional insulin therapy involves only two injections per day. The intensive insulin therapy 
in the DCCT study involved three or more injections of insulin each day. In this study the incidence of diabetes side 
35 effects was dramatically reduced. For example, retinopathy was reduced by 50-76%, nephropathy by 35-56%, and 
neuropathy by 60% in patients employing intensive therapy. 

[0006] Unfortunately, many diabetics are unwilling to undertake intensive therapy due to the discomfort associated 
with the many injections required to maintain close control of glucose levels. A non-injectable form of insulin is desirable 
for increasing patient compliance with intensive insulin therapy and lowering their risk of complications. Many investi- 
40 gators have studied alternate routes for administering insulin, such as oral, rectal, transdermal, and nasal routes. So 
far, these types of administration have not been effective due to poor insulin absorption, low serum insulin concentration, 
irritation at the site of delivery, or lack of significant decrease in serum glucose levels. 

[0007] Due to its small relatively small molecular weight (5,800 daltons) insulin seems to be an ideal candidate for 
administration through inhalation into the lungs. In fact, administration of insulin as an inhalation aerosol to the lung 

45 was first reported in 1925. In the past 70 years, numerous human and animal studies have shown that some insulin 
formulations are well absorbed by the lungs. After administration by inhalation, small-sized proteins are absorbed and 
reach maximum plasma concentrations more quickly than larger proteins. As expected for a small protein, the previ- 
ously-studied insulin formulations typically exhibit a rapid rise followed by a rapid fall in plasma insulin levels. 
[0008] The intense effort devoted to developing an inhaled insulin formulation has failed to achieve a system for 

so slower uptake and bnger duration of action of insulin needed to control blood glucose between meals, and overnight. 
Therefore, there remains a need for an effective system for administration of a iong-acting insulin by inhalation. 
[0009] The present invention is a method for administering long-acting, soluble insulin by inhalation. The invention 
also encompasses the use of a fatty acid-acylated human insulin or a fatty acid-acylated insulin analog in the manu- 
facture of a medicament for the treatment of diabetes or hyperglycemia by inhalation, which treatment comprises 

55 administering to a patient in need thereof an effective amount of the medicament using an inhalation device, such that 
the medicament is deposited in the lungs of the patient. The present invention solves two problems currently not ad- 
dressed by the art. First, previous pulmonary methods for delivering insulin do not provide adequate time action to 
control blood glucose between meals and overnight. Second, presently known soluble, long-acting insulins and insulin 
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derivatives are delivered by subcutaneous injection, which involves the inconvenience of preparing a sample for injec- 
tion, and the pain of a needle-stick. According to the present invention, a patient in need of insulin to control blood 
glucose levels will achieve advantageous slow uptake and prolonged persistence in the blood of acylated insulin com- 
pared to inhalation of non-acylated insulin, and reduced inconvenience and pain compared with subcutaneous delivery 
Preferably, the acylated insulin is delivered to the lower airway of the patient. The acylated insulin can be delivered in 
a carrier, as a solution or suspension, or as a dry powder, using any of a variety of devices suitable for administration 
by inhalation. The acylated insulin can be administered using an inhalation device such as a nebulizer, a metered- 
dose inhaler, a dry powder inhaler, a sprayer, and the like. Preferably, the acylated insulin is delivered in a particle size 
effective for reaching the lower airways of the lung, preferably less than about 10 microns mass median aerodynamic 
diameter (MMAD), preferably about 1 to about 5 microns MMAD, and more preferably about 1 to about 3 microns 
MMAD or from about 1 to about 2 microns MMAD, and most preferably from about 2 to about 3 microns MMAD 
Preferred acylated insulins include a fatty acid-acylated insulin and a fatty acid-acylated insulin analog. The invention 
also provides a method for administering acylated insulin or acylated insulin analog together with insulin or insulin 
analog to a patient in need thereof by inhalation. Administering such combinations of acylated and un^acylated insulins 
provides both post-prandial and basal control of blood glucose levels. Because the method avoids injections, patient 
comfort is improved, and patient compliance increased compared with conventional insulin delivery methods! 
[0010] The term "fatty acid-acylated insulin protein" refers to a protein, selected from the group consisting of mam- 
malian insulin and mammalian insulin analogs, that is acylated with a fatty acid that is bonded through an amide bond 
formed between the acid group of the fatty acid and an amino group of the protein, and pharmaceutical^ acceptable 
salts and complexes thereof. The amino group may be the a-amino group of an N-terminal amino acid of the protein, 
or may be the e-amino group of a Lys residue of the protein. The acylation of insulin with a fatty acid is disclosed in 
Japanese patent application 1-254,699. Seealso, Hashimoto, etai, Pharmaceutical Research, 6171-176 (1989) and 
Lindsey, etai, Biochemistry 121 :737-745 (1971). Further disclosure of fatty acid-acylated insulins and fatty acid-acylat- 
ed insulin analogs, and of methods for their synthesis, is found in Baker, et a/., U.S. 5,693,609, issued 2 December 
1997; Havelund, et al, WO95/07931 , published 23 March 1995; and Jonassen, etai, W096/29342, published 26 
September 1996. These disclosures are expressly incorporated herein by reference for describing acylated insulins 
and acylated insulin analogs, and for enabling preparation of the same. 

[0011] A fatty acid-acylated insulin or insulin analog may be acylated at one or more of the three amino groups that 
are present in mammalian insulin and in most insulin analogs. Mono-acylated insulins are acylated at a single amino 
30 group. Di-acylated insulins are acylated at two amino groups. Tri-acylated insulins are acylated at three amino groups 
The terms "fatty acid-acylated insulin" and "fatty acid-acylated insulin analog" refer to preparations of fatty acid-acylated 
insulin and fatty acid-acylated insulin analogs, respectively, which are herein referred to collectively as fatty acid-acylat- 
ed insulin protein. Typically, the population of acylated molecules is relatively homogeneous with respect to the site or 
sites of acylation, such as: Ne-mono-acyiated insulin protein, B1 -Ne-mono-acylated insulin or insulin analog; Al-Na- 
mono-acylated insulin or insulin analog; A1-Na, B1-Na-di-acylated insulin or insulin analog; Ne, A1 -Na-di-acylated 
insulin or insulin analog; Ne, B1 -Na-di-acylated insulin or insulin analog, and Ne, A1-N<x, B1 -Na-tri-acylated insulin or 
insulin analog. The terms fatty acid-acylated insulin and fatty acid-acylated insulin analog also refer to preparations 
wherein the population of acylated molecules has heterogeneous acylation. In the latter case, these terms include 
mixtures of mono-acylated and di-acylated proteins, mixtures of mono-acylated and tri-acylated proteins, mixtures of 
di-acylated and tri-acylated proteins, and mixtures of mono-acylated, di-acylated, and tri-acylated proteins. Preferred 
acylated insulins include mono-acylated insulin, particularly mono-acylated insulin acylated at positions B1 or B29 
preferably B29. Preferred acylated insulin analogs are mono-acylated at B1, or at the Ne-amino group of lysine. Ex- 
amples of preferred fatty acid-acylated insulin proteins are B29-Ne-palmitoyl-human insulin, B29-Nc-myristoyl- 
desB30-human insulin, B29-Ne-myristoyl-human insulin, B28-Ne-palmitoyl-LysB28, ProB29-human insulin analog and 
45 B28-Ne-myristoyl-LysB28, ProB29-human insulin analog. 

[0012] The verb "acylate" means to form an amide bond between an organic acid and an amino group of a protein 
An insulin is "acylated" when one or more of its amino groups is combined in an amide bond with the acid group of an 
organic acid. Generally, insulin or insulin analogs are acylated by reacting them with an activated acid compound. 
Activated acids are acyl compounds having carboxylic acid activating groups, such as, activated ester, acid halide 
acidazolide, or acid anhydride, and in particular, hydroxybenzotriazide (HOBT), N-hydroxysuccinimide, and derivatives 
thereof. 

[0013] The use of activated fatty acid esters, especially N-hydroxysuccinimide esters of fatty acids, is a particularly 
advantageous means of acylating a free amino acid with a fatty acid. The term "activated fatty acid ester" means a 
fatty acid which has been activated using general techniques known in the art [Methods of Enzymology, 25 494-499 
(1972) and Lapidot, etai. J. of Lipid Res. 8:142-145 (1967)]. Lapidot, et al. describe the preparation of N-hydroxysuc- 
cinimide esters and their use in the preparation of N-lauroyl-glycine, N-lauroyl-L-serine, and N-lauroyl-L-glutamic acid 
[0014] The acylation of normal insulin with a fatty acid is disclosed in a Japanese patent application 1-254,699 See 
also, Hashimoto, etai., Pharmaceutical Research, 6:171-176 (1989), and Lindsey, etai, Biochemistry 121737 -7 45 
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(1 971) Further disclosure of acylated insulins and acylated insulin analogs, and of methods for their synthes.s, is found 
n Baker et i U S 08/342.931 filed 17 November 1994; Havelund, et a/., WO95/07931, published 23 March 1995, 
JoSssen efa/ WQ96/29342. published 26 September 1996; and Hansen, L. WO98/02460, published 22 January 
1Q98 The entirety of each these publications is expressly incorporated herein by reference. 
00151 To "e eiely acy.ate the e-amino group, various protecting groups may be used to block the a-am.no group 
dur ng the coupling. The selection of a suitable protecting group is known to one skilled in the art and includes for 
examp le VmeLxybenzoxycart^nyl (pmZ). Preferably, the e-amino group is acylated in a one-step synthes.s w hout 

h laimoHin it s Patent No 5 646 242 issued 8 July 1997, the entire disclosure of which is incorporated expressly 
te^^ior^tX Powder of an acy.ated protein is disclosed in U.S. Patent No. 5,700.904, 
issued 23 December, 1 997, the entire disclosure of which is incorporated expressly herein by reference. 
00161 The term Matty acid" means a saturated or unsaturated fatty acid having from 6 to 1 8 carbon atoms. Preferred 
attv acids have from 10 to 16 carbon atoms. Yet a more preferred group of fatty acids have from 13 to 17 carbon 
atoms A highly preferred group of fatty acids have 14 or 16 carbon atoms, and more preferably 1 4 carbon atoms 
SSm The erm "insulin' as used herein refers to mammalian insulin, such as bovine, porcine or human msuhn. 
whose sequences and structures are known in the art. Bovine, porcine, and human insulin are preferred mammahan 
Sns human insulin is more preferred. The amino acid sequence and spatial structure of human risul.n are we I- 
Zwn Human insulin is comprised of a twenty-one amino acid A-chain and a thirty am.nc , ac,d B-cha,n wh,ch are 
cro7s"inked by disulfide bonds. A properly cross-linked human insulin contains three d.sulf.de bndges: one between 
20 pStton 7 of tne A-chain and position 7 of the B-chain. a second between position 20 of the A^ham and post™ 19 
rrf the B-chain and a third between positions 6 and 11 ol the A-chain. 

[00?8] ThTte" -insulin analog" means proteins that have an A.hain and a B-chain that have "M"^™ 
am ino acid sequences as the A-chain and B-chain of human insulin, respect^ely. but differ from the A^hainan un- 
chain of human insulin by having one or more amino acid deletions, one or more am.no acid replacements, and/or one 
25 or mo°e «L> acid additions that do not destroy the insulin activity of the insulin analog. Preferred insulin analogs 
include the monomeric insulin analogs, and desB30 human insulin analog. 

j££ One type of insulin ana.og, -monomeric insulin analog." is well-known in the art. These are fast-acting anatogs 
of human insuln including, for example, human insulin wherein Pro at position B28 .s substituted with Asp. Lys. Leu. 

ant herein Lys at posiL B29 is Lys or h, substituted with Pro. and also, AlaB26-human insu ,n, des 
so /B28-B30) human insulin, and des(B27) human insulin. These, and other monomeric insulin analogs are disclosed .n 
Chance i' ^U S. Patent No. 5,514,646, issued May 7, 1996; Chance, et a,., U.S. Patent Application , Sena No 
^255 297 Brems. et a/., Protein Engineering, 6:527-533 (1992); Brange. eta/.. EPO Publication No^214.826 (pub- 
STheo I March 18 1987); Brange, et a° Current Opinion in Structural Biology, 1:934-940(1991); Ba.schmidt, P. ,etal 
EP^ cat on No. 837,072 (published April 22. 1998). These disclosures are expressly incorporated herein by ref- 
35 fence tor describing monomelic insu.in analogs. The monomer* insulin analogs employed in the present formulations 

are properly cross-linked at the same positions as is human insulin. 

[0020] insulin analogs may also have replacements of the amidated amino acds with acidic forms. For example, 
Asn mav be replaced with Asp or Glu. Likewise. Gin may be replaced with Asp or Glu. In particular. AsnA18^snA21. 
o?AsnB3 or an Combination* those residues, may be replaced by Asp or Glu. Also G.nA15 or G.nB4. or both may 
be replaced by either Asp or Glu. Particularly preferred insulin analogs are those having, optionally, among other 
reolacements or deletions. Asp at B21, or Asp at B3, or both replacements. 
W21] insulin and insulin analogs used to prepare the fatty acid-acylated insulins that are a^ 
nvention can be prepared by any of a variety of recognized peptide synthesis techmques including ctass.cal (solution) 
TethodT ilid Phase methods, semi-synthetic methods, and more recent recombinant DNA methods. For example 
Chln^eSuSPatentNo.5.5 

etal. U S Patent No 5 304 473. disclose the preparation methods for insulin and insulin analogs. The entirety of each 

a^WrSSfST— -a, is coordinated to at least one ligand. 
Ligands include nitrogen-containing molecules, such as insulins, peptides, amino acids and TRIS among r n^any other 
so impounds The fatty acid-acylated insulin or fatty acid-acylated insulin analog used in the present mvenfon are pref- 
Sin a complex with one or more divalent zinc ions, wherein the protein molecule acts a l.gand of the z.nc .ons 

aqent A parenteral formulation must meet guidelines for preservative effectiveness to be a commercially viable multi- 
use prodSc Among preservatives known in the art as being effective and acceptab.e ,n parenteral formute K>ns are 
ss oenzaltonium chloride, benzethonium, chlorohexidine. pheno.. m^resol. benzyl alcohol, methylparaben. chlorobuta- 
To^e soTpi eeo., chiorocresol. pheny.mercuric nitrate, thimerosal. benzoic acid and various mixtures thereof. 
So S3 WalLuser. K., Develop. Biol. Standard, 24: 9-28 (Basel. S. Krager, 1 9 74). Certain phenolic presen/atives, 
su^asp'henol and m-cresol. are known to bind to insulin-like molecules and thereby to induce conformatonal changes 
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that increase either physical or chemical stability, or both [Birnbaum, et al, Pharmac. Res 1425 (1997)- Rahuel- 
Clermont, et al., Biochemistry 36:5837 -5845 (1997)]. M-cresol and phenol are preferred preservatives in formulations 
of the fatty acid-acylated insulin proteins used in the present invention. 

[0024] The term "buffer" or "pharmaceutical^ acceptable buffer" refers to a compound that is known to be safe for 
use in insulin formulations and that has the effect of controlling the pH of the formulation at the pH desired for the 
formulation. Pharmaceutically acceptable buffers for controlling pH at a moderately acid pH to a moderately basic pH 
include such compounds as phosphate, acetate, citrate, TRIS, arginine, or histidine. 

[0025] The term "isotonicity agent" refers to a compound that is tolerated physiologically and imparts a suitable 
tonicity to a formulation to prevent the net flow of water across the cell membrane. Compounds, such as glycerin are 
commonly used for such purposes at known concentrations. Other acceptable isotonicity agents include salts, eg 
NaCI, dextrose, mannitol, and lactose. Glycerol at a concentration of 1 2 to 25 mg/mL is preferred as an isotonicity agent 
[0026] The abbreviations "MMAD" and "MMEAD" are well-known in the art, and stand for "mass median aerodynamic 
diameter" and "mass median equivalent aerodynamic diameter," respectively. The terms are substantially equivalent 
The "aerodynamic equivalent" size of a particle is the diameter of a unit density sphere which exhibits the same aer- 
odynamic behavior as the particle, regardless of actual density or shape. MMAD is determined using a cascade im- 
pactor, which measures the particle size as a function of the aerodynamic behavior of the particle in a high velocity 
airstream. The median (50%) particle size is obtained from a linear regression analysis of the cumulative distribution 
data 



[0027] One vehicle for a fatty acid-acylated insulin protein is Humulin® R Diluent. A formulation with this vehicle 
includes a fatty acid-acylated insulin protein at the desired concentration, m<:resol at about 2.5 mg/ml, glycerol at 
about 16 mg/mL, and zinc at about 0.016 mg/mL, the formulation being at pH about 7.4. An alternative vehicle is 
Humulin® L Diluent which includes a fatty acid-acylated insulin protein at the desired concentration; zinc oxide at about 
0.12 mg/mL to about 0.3 mg/mL, preferably about 0.17 mg/mL; sodium acetate at about 6.5 mg/mL to about 7 5 mg/ 
mL, preferably about 7.0 mg/mL; and methylparaben at about 0.8 mg/mL to about 1.2 mg/mL, preferably about 1 0 
mg/mL. Certain formulations of insulin protein with zinc are known as Lente® insulins. Additional suitable formulations 
of insulin protein with zinc and of Lente® insulins are known to those of skill in the art. 

[0028] Fatty acid-acylated insulin activity is administered by inhalation in a dose effective to increase circulating 
insulin protein levels and/or to lower circulating glucose levels. Such administration can be effective for treating disor- 
ders such as diabetes or hyperglycemia. Achieving effective doses of fatty acid-acylated insulin protein requires ad- 
ministration of an inhaled dose of more than about 0.5 ug/kg to about 200 ug/kg fatty acid-acylated insulin protein 
Preferably the dose is about 5 ug/kg to about 100 ug/kg, about 10 ug/kg to about 100 ug/kg, about 20 ug/kg to about 
100 ug/kg, or about 30 ug/kg to about 100 ug/kg. More preferably, the dose is from about 10 ug/kg to about 60 ug/kg 
20 ug/kg to about 60 ug/kg, or 30 ug/kg to about 60 ug/kg. A therapeutically effective amount can be determined by a 
knowledgeable practitioner, who will take into account factors including insulin protein level, the physical condition of 
the patient, the patient's pulmonary status, the potency and bioavailability of the fatty acid-acylated insulin protein 
whether the fatty acid-acylated protein is administered together with another insulin, such as a faceting, or meal- 
time insulin, or with other therapeutic agents, or other factors known to the medical practitioner. Effective therapy can 
include starting at a low dose of fatty acid-acylated insulin protein, monitoring blood glucose levels, and increasing the 
dose of fatty acid-acylated insulin protein as required to achieve desired blood glucose levels. 
[0029] According to the invention, fatty acid-acylated insulin protein is delivered by inhalation to achieve advanta- 
geous slow uptake of fatty acid-acylated insulin protein compared to inhalation of non-acylated insulin protein Admin- 
istration by inhalation results in pharmacokinetics comparable to subcutaneous administration of insulins. Subcutane- 
ous injection of insulins, such as fatty acid-acylated insulin protein, typically results in a slow rise in the level of insulin 
until blood levels reach a maximum several hours, typically about 3 hours, after injection. Levels of insulins such as 
fatty acid-acylated insulin proteins, then, typically, drop to basal levels with a half-life of about 5 to about 8 hours 
Inhalation of native or other non-acylated forms of insulin leads to a rapid rise in the level of circulating insulin followed 
by a rapid fall in insulin level. For example, after inhalation, levels of non-acylated insulin rise to a maximum in only 
about 20 to about 30 min and return to basal levels with a half-life of about one hour. Advantageously, inhalation of 
fatty acid-acylated insulin protein results in slow uptake of the fatty acid-acylated insulin protein into the blood followed 
by a slow fall in the blood level. Preferably, inhaled fatty acid-acylated insulin protein reaches peak levels in the blood 
about 3 to about 5 hours after inhalation, followed by a return to basal levels with a half -life of about 5 to about 8 hours 
preferably about 5 hours. Different inhalation devices typically provide similar pharmacokinetics when similar particle 
sizes and similar levels of lung deposition are compared. 

[0030] According to the present invention, a fatty acid-acylated insulin protein can be delivered by any of a variety 
of inhalation devices and methods known in the art for administration of insulin, or other proteins, by inhalation [Rub- 
samen, U.S. Patent No. 5,364,838, issued 15 November, 1994; Rubsamen, U.S. Patent No. 5,672 581 issued Sep- 
tember 30, 1997; Platz, era/., WIPO publication No. W096/32149, published October 17, 1996" Patton'era/. WIPO 
publication No. W095/24183, published September 14, 1995; Johnson, etai, U.S. Patent No. 5,654 007 issued Au- 
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, c 10 Q7. modman etal US Patent No. 5,404,871. issued April 11, 1995; Rubsamen, et a/., U.S. Patent No. 
5 67 58 issued Septemoe SO,' 1997; Gonda, et a/., U.S. Patent No. 5,743.250, issued April 28, 1998; Rubsamen, 

^6 Gonda el a/ WIPO publication No. WO98/33480, published August 6. 1998; Rubsamen U.S^ Patent No 
5 ^4 838 Issued Novernbe 15, 1994; Laube. eta/., U.S. Patent No. 5,320.094, issued June 14 1994; El,amal, et a,. 
M^ff" 780 014 issued July 14 1998; Backstrom, eta/., U.S. Patent NO. 5,658,878. issued August 19. 

"i£X^ ™w£ i-ed May 21. 1996; Backstrom, eta,.. 5,506,203, issued I April 9 1996; Meezan 
If J,' ^S pSent No 5,661 ,130, issued August 26, 1997; Hodson, et a,.. U.S. Patent No. 5,655,523, issued August 
to ^07 ^hultz eta U S Patent No 5,645.051, issued July 8, 1997; Eisele. et a/., U.S. Patent No. 5.622,166. 

' h 1997 ' t^WeJl U S Patent No. 5.577,497, November 26, 1996; Mecikalski, eta,.. U.S. Patent 
171 St ll *i Led F bmar, 20 1996; Williams, et a,.. U.S. Paten, No. 5.327,883, issued July 12. 1994; Williams, 
U S Pa'ent No . £ ^277.195, issued January 11, 1994]. The entire disclosure of each of the publications Hated above is 

ll^known in?he art such as. metered dose inhalers, .quid nebulfcers, dry powder inhalers, sprayers thermal vapor- 
Tze s and the ke and those provided by developing technology, including the AERx® pulmonary drug de.*ery system 
bio devetooed by Aradigm Corporation, the dry powder formulation and delivery devices be.ng developed by Inhale 
SSI Kstems tc and the Spiros® dry powder inhaler system being developed by Dura Pharmaceuticals 
^^KShnoigy includes e.ectrohydrodynamic aerosolizers. The inhalation device should deliver small 

Kf^ge of about 1 to about 3 pm MMAD, or about 1 to about 2 pm MMAD, and most preferably from about 2 to 

TaXton the inhalation device must be practical, in the sense of being easy to use. small enough to carry 
1 nlniJntt! cecible of providing multiple doses, and durable. Some specific examples of commercially available 
Z!lSSiSSSi!^9^ °< this invention are Turboha.er (Astra). Rotahaler (Glaxo). Diskus (Glaxo), 
he tS^SSJWta-). ^ Acorn I. nebulizer (Marques. Medical Products), the Ventolin metered**, 
Shaler %Zo) the Spihaler powder inhaler (Fisons). or the .ike. Fatty acid-acylated insuhn P^ems can be aoVan- 

de4e for adminSerfng «2ty acid-acylated insulin protein. For example, delivery by such inhalation dev*es is advan- 

Z to muteticTdelivered, and the duration ol administration of a single dose depend on the type of inhalatton device 
? m S ^FoTirle aerosol delivery systems, such as nebulizers, the frequency of administration and length of t™e 
oTvS th syttom * actuated wSl depend mainty on the concentration of fatty acid-acylated insujn pr*e,r ur . he 
Ll r ^ For examole shorter periods of administration can be used at higher concentrations of fatty acid-acylated 
^JZI^rJEL solution. Devices such as metered dose inhalers can produce higher aerosol concen- 
nsul.n P»M«»"» neou. desjred ^ acjd ^ cylated Insulin protei n. 

DeZs such Z -X Z S nhal J Silver active agent until a given charge of agent h expelled from the device In 
S amount of fatty acidulated insulin protein in a given quantity of the powder determines the 

a^MSKSSS^-^ i-,in Protein formulation delivered 

,2- the Lent to which the particles are conveyed into the lower airways or alveoli, where deposition is most 
22^21 ^ *e targe surface area. Converse.* the formu.ation of the fatty acidulated insulin protein 
^ oSte size Preferably the fatty acid-acylated insulin protein is formulated so that at least about 10% 

. She tatt SS^iTS^ deposHed in the lower lung, preferabty about 10% to about 20% or more 
? i known tha?«he y lximum etLncy of pulmonary deposttion for mouth-breathing humans .MM abou 2 
urn to aoiu 3 pm MMAD. Above about 5 pm MMAD. pu.monary deposition decreases substantialty. Betow about 1 
S MMAD oulmonary deposition decreases, and it becomes difficult to deliver particles with sufficient mass to be 
ZraoeZX 3e Pre.erab*. particles of fatty acid-acylated insulin delivered by inhalation have a partic.e sue 
Sit 10 ^preferably in the range of about 1 pm to about 5 pm MMAD, and more preferably in the range 
TJ££^$E»*SZ* about 1 to aboutTpm MMAD, and most preferabty from about 2 to about 3 
pnf^MAD Th^formutetion o, fatty acid-acylated insulin is selected to yiekf the desired particle s«e In the chosen 

rS^powder generation typically amploys a method such as a scraper blade or an air blast to generate parttetes 
E JSSSn of fatty acLcyla.ed insulin protein. The particles are generally generated in a container and 
I f !ll^H into the luna of a patient via a carrier air stream. Typically, in current dry powder inhalers, the force 
orb up the JSlSZtofii*** solely by the patient's inhalation. One suitable dry powder inhaler is 

In^aleT^ 
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insulin protein. 
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insulin or insulin analog to provide relatively ZZScmL andS h b 4 U,,he , powdercanalsoi ^!udeanon-acylated 
excipient, another addLe or the .ike Sit ScTn be tln^ T °' 8C,i ° n ' 8 bU ' king 89ent ' buffe '' carrier - 
insulin protein, for example to d^J^^J^Sj" 8 P ° Wd6r ,0r ™ la,ion °< ' a «V acidulated 
processing of the formulation to provide ^nteoeZ Z " *" P8r1iCUlar P ° Wder inhaler ' ,0 facil « a « a 

the powder from the inhalation ^o^SS^^SSST '° ?' T^' l ° ' aCNita,e di8p8r8i0n « 
the formulation, or the like formulation (e.g., antioxidants or buffers), to provide taste to 

p^LS^ 

acylated insulin protein mixed wrth ofcoa^^ 

polysacchandes; sugar alcohols and other Ji^JSf f * ?' U * ^ * " d 

titol, maltttol, trehalose, sucrose, mannitol starch wcSnS^^T . ^ ' 9 ' UC ° Se ' raff,nose - ™^<**, "ac- 
dyl choline, or lecithin; or the lito^SS^^lT^ SUrfaCtantS ' SUCh 38 SOrbi,ols - di P^phati- 

a purpose described above, often IS SCSE^' ^cff ^ST 12 ^ ,0r 
in the art for formulation of a protein such as fatty acid^cvfated hUT ? ,ormu lat«on. Additional agents known 
See, for example. Japanese Patent No jEmX* ^S££ r „ P !" ^ ^ be inC ' Uded in ,he ,0 «™'ation. 
[0036] AdvantageoLyforadminil^^^ 

ulate form with an MMAD of less than about 10 mZrons " h 8 P8rtiC " 

m the range of about 1 to about 3 um MMAD or from Th™ ,1 iT k 7° ° Ut 5 m,crons ' and more Preferably 

2 to about 3 pm MMAD. The prefer^ S M j££J £ dT TT* 0 ' "* ^ Pr8f8rably ' ,r0m 8bo * 
the dry powder is large, composed ^SSZSS?^ ^ ^ a ' VeOM °' ' he P8,ien, ' S lun9 Pre,erabl V. 
range. Advantageous^, ,eas, about ^tSC^JITS^^ T 8 ^ "* ^ 
10 pm MMAD. Such formulations can be achieved bv bdZ h^ .. P h8V ' ng 3 dlameter less ,nan about 
coding fatty acid-acy.ted ^p^^^^Sf " ^ P ° int C ° nd9n8a,ton °' 8 

pressure, and the liquid feed rate can be chosenlo achievJ thf h ? 8128 8nd con,i 9 ura tion, the applied 

be produced by an e.ectric field in Z£S^£^£Z£ feT^ T** * « 
acylated insulin protein delivered by a sprayer have a oaSl B T ! Advan,89eousl * P artic, <* of fatty acid- 
about 1 pm to about 5 um MMAD, and Z p efeibly in me anae S abTuM?' k ^ h the r8n98 °« 
about 2 pm MMAD, and most preferably from abou 2 to about 3 2 £ U ^ 3 m MMAD ' W 86001 1 to 
method for fatty acid-acylated insulin proteiT ^ MA °' Admlnls,ra «on as a spray is a preferred 

insulin protein per mL of solution. The formufctton ^11^! V" 9 ,0 8b ° Ut 20 m ° ° f ,a " y acid ^"ated 
agent, a preservative, a surfactant and Ztabfe rinJ ! 898 " ,8SUch as an exci P ien t, a buffer, an isotonicity 
stabilization of the fatty acidJ^ed?n S l prSe n ch as a bZ ??" *° M 8 " 8XCipi8nt ° r "** 
drate. Bulk proteins useful in formulatinc i tettv acid^^SoH T ' dUC ' n9 898nt ' 8 bu,k pro,ein - or a ^-bohy- 
Typica, carbohydrates useful ■IZ^&'S^ - the like, 

halose, glucose, or the like. The fatty acidiylated P de SUCr ° S8 ' manni, ° l - lac,ose > 

reduce or prevent surface-induced b£U^£Z^£^ T ^ ^ 8 080 
solution in forming an aerosol Various ^convemional JTrZ? V k , U " n Pr ° ,8,n C8US8d Dy ^mizatton of the 
esters and alcohols, and pofyoxyeZene so* Sattv ^ d L * 8 ° Ch 88 ^'V^hylene fatly acid 

4% by weigh, of the foiKXS SEX £T* TF* °™ % Wd 

sorbiten monooleate, polysorbate 80 poI!SXr« 2^^ ^" 8r8 ^'^thyiene 

apro,e inr asfa„y^^ 

Asthegasex^ndibey'ltheno^ 

insulin protein through a capillary tu* ^Se^ to a tE , Cre8ted ' K whlch draws a s °'"tion of fatty acidulated 
is sheared into unstable filamente anc «S S exiSe , S ° ,U,i ° n S,re8min9 tam ,h8 «*• 

rates, and baffle types can be employed ta ^ „»7 9 an l f ero8 ° l - A ran 9 e of oonfigu rattans, flow 
* In an u,trasonic nebulizer. hWHC^rStSTuS^r? ^r^ 8 Uom a 9iva " ^ 

prozr^^r— 
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70 



15 



ab0U t ,0 pm, Pretax in *e range of abo. 1 — ^ pmMMAD and -^^3^^ 
,o abou?3 pm MMAD, or about 1 to a£ut 2 pm MMA* £^££1* . nebulizer , efthe r jet or ultrasonic 
[0 042] Formulations of fatty acd-acylated .nsul n protein ^ab^K> ^ of about , mg t0 abou t 20 

typioaW include fatty acid-acy lated '^^'^^S^ can include agents such as an excipient, 
rng of fatty acid-acylated insulin prote.n per mL of solution. The torrnu , ormu , a tion can also include an 

a "buffer, an isotonicity agent, a preserva^ » "^"JJ^S such as a buffer, a reducing agent, a bulk 
excipient or agent for stabilization of ^^^^X acidulated insulin proteins include albumin, 
protein, or a carbohydrate. Bulk proteins useft in to ~f'7 tt cid . a y cylated insulin proteins include sucrose, 
protamine, or the .ike. Typical carbohyd ates usefuf .n y jn formulation can also include a 

mannitol, lactose, trehalose, glucose, or ^J^™^^^ of the fatty acid-acylated insulin protein caused 
surfactant, which can reduce or prevent surfaceHnd ^ aggr^gabor^ y ^ ^ ^ as ^ 

by atomization o, the solution « fonrnng an ^J^JJV^SS tatty acid esters. Amounts will generally range 
oxyethylenefatty acid esters an ^° 5 ^^ 

between O.OOt and 4% by weigh of the tannuMon of |jke Addjttonal agen ts known in the art 
polyoxyethylene sorbitan ^f*'^™^ STprotein can also be included in the formulation. 
,or formulation of a prctem sue* as ^^^^J,,.^ insulin protein, and any excipients or other 
r00431 In a metered dose inhaler (MDI), a propel iani,iauy y d Actuation of the metering valve 

idditLare confab 

releases the mixture as an aeros0 ^ re, h e ^ to about 3 pm MMAD, or about 1 to about 2 urn 

1 urn to about 5 pm. and more preferaWy in the ange of a ^ 1 J aD ^ rticle size «, be obtained by 

for example, suspended in a propellent with theaKlola ^^^^^ a hydro fluorocarbon, or a hydro- 
employed for this purpose, such a *f loro ^^ and 1,1,1.2-tetrafluor- 
carbon. including <"«^^^ Qf ^ preferab)y the propelte nt is 
30 oethane, HFA-134a (hydrofluroalkane-1 ^>;. H ^; 2 fJ^^ acid-acylated insulin protein as a suspension 
a hydrofluorocarbon. The surfactant can * «^ to J^££2^ a nd the like. Suitable surfactants include 
in the propellent, to protect the actrve agen Regains ch solu io n aerosols are preferred using solvents 

i^^a^ 

and suitabte for admiration by '" halat ^ inhalation. The invention also relates to 

,or manufacturing a composmon or ™e « ^ SdlSd insulin protein in a form that is suable for ad- 
methods for manufacturing .compositions J-J^^^SSnoLn be manufactured in several ways, using con- 
ministratton by inhalation. For example a dry po^ 

ventiona.techniques^ 

pH. including buffers or other exc, P ,e ^ 8 . understood with reference to the following examples. These examples 
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Example 1 

Absorption of B29-Ne-Pa.mitoy.-Human Insulin Following Intravenous or Aerosol Administration in Dogs 

[0M7] This study was conducted to SS SSSSZ 

administration by intravenous .nation. Ba ^^^^Z comparable to Humulin® L (Lente®) insulin, 
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£2? I f k ^ T °' B29 - N£ -P alm «°y'-^man insulin were delivered to anesthetized does throuah an 
endotracheal tube via an ultrasonic nebulizer and a control group received a dose of b?q n* Zt^L ? ? 9 
by intravenous injection. Blood samples were collected at various 5me Snts^te Z!t? a ^ T" ' nSU " n 
centrations o, the test compound and bioavailability o, inhaled ttS^SZZSS^ 
they are large animals having respiratory tracts in which particles deposit in a manner similar tohl^ , 
amount ot data obtained in dogs following intravenous and subcutaneous h ^ 

insulin were available for comparative purposes. aom.nistration of B29-Ne-palmitoyl-human 

[0049] Six male beagle dogs were used in this study. The animals were housed either two per caoe or individ,,^ 

esthesia, food and water were provided ad libitum until ^^m^^^S 2^^°"^ 
injajed at 48 hours post-dose. At study initiation, the tnZ^^ZllTsZTs ^ «~ 

[0050] Each animal was dosed using two dosing regimens 

a) intravenous injection (7ug B29-N6-palmitoyl-human insulin per kg of body weight) and b) aerosol dAh.ni * .h i 

[0051] Blood samples were collected at 0 (pre), 5, 10 20 40 60 120 iftn sao ocn , on ^ - . ^ 

until ,440 .nuM. poa-doss afw to |„ g . s,, um concemralio „ „, J£££Ztol£Z ~* ££T 

MM. odLnuKM^ -.Swart >m"m b * ST m "" n beoau «« •» 

to be 5.67 urn, with a geometric standard deviation of 2 04 urn ^na™ °«meter (MMAD) was estimated 

[0054] Areaunderthecurve(AUC)valuesweredeterminedintwoways In the first method th aa r« a „nd or «, 

was calculated only from 0 to 16 hours Dost-dose rAl ir khrmi tkI, minel rslmetnod . 'he area under the curve 

the serum concentrations for weEiZES hShan S, slnt^t 5" ^ ^ bMU " m " 1 ° f 
levels, and because the serum concentration 24 ho^^^ 

[0055] In the second method, the area under the cunre was calculated from 0 to t hours post-dose TAUC 10 1 m Th„ 



Serum Conce 
Dose by Inha 


ntrat.ons of Immunoreact.ve B29.Ne-palmitoyl-human insulin in Male Beagle Dogs Foltowinq a Sinale 
lation or Intravenous Administration y ro,rawin 9 a b,n 9'© 




Serum lmmunoreact.ve B29-Ne-palmitoyl-human insulin rr™t ra t™ fpM , 


Inhalation 






Animal No. 


Mean 


! SE 


(min) 


1 


2 


3 


4 


5 


6 






0 
5 


36.6 
104 


68.7 
711 


45.6 
72.3 


101 
323 


80.7 
127 


37.6 
249 


62 
264 


11 
97 



so 
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Table 1 . (continued) 



is^^ions of Immunoreac.ive 829-Ns-palmtoyl-human insu.in in Male Beagle uogs Folding a 
Dose by Inhalation or Intravenous Administration — 



Single 



Serum Immunoreactive B29-Ne-palmitoyl-human insulin concentration (pM) 



Inhalation 



Animal No. 



(min) 



1 



70 



15 



20 



25 



30 



35 



40 



10 
20 
40 
60 
120 
180 
240 
360 
480 
960 
1440 
2160 
2880 
Intravenous 



117 
177 
338 
549 
921 
1155 
1308 
604* 
399* 
204* 
181 
456 
26.1** 



906 
1093 
1891 
2274 
2041 
1692 
1335 
1216* 
706* 
333* 
123 
161 
64.4** 



155 
NR 
525 
354 
1307 
1742 
2208 
151 3* 
720* 

218* 

758 

552 
90.9* 

Animal 



366 
478 
709 
1109 
1390 
NR 
3365* 
1618* 
1300* 
453* 
81.7 
301 
49.5** 

No. 



93 

108 

223 

312 

464 

287 

968 

835* 

498* 

154* 
NR 
196 

NR** 



89.9 
233 
351 
199 

1225* 
254 
318 
300* 
339* 
201* 
25.1 
259 
NR** 



Mean 



(min) 



0 
5 

10 
20 
40 
60 
120 
180 
240 
360 
480 
960 
1440 



BQL 
16647 
14688 
10894 
11647 
8526 
2715* 
2084* 
1385* 
900* 
824* 
2699 
90.6** 



22.7 
12426 
25895 
12133 
7146 
5887 
2951 
1655* 
1172* 
780* 
604* 
2090 
3349 



72.9 
23417 
17038 
16496 
5676 
9468 
3363 
2000* 
1056* 
1018* 
675* 
5614 
1277 



71.5 
12853 
15900 
17400 
12350 
4162 
3067 
2048* 
1244* 
1089* 
751* 
721 
7145 



BQL 
NR 
13744 
11762 
8069 
14133 
3508 
2147 
1480* 
1029* 
646* 
109* 
45.4** 



BQL 
16978 
7665 
3969 
9736 
3430 
1757 
1345 
1261* 
901* 
735* 
257' 
BQL** 



288 
432 
673 
800 
1225 
1026 
1584 
1014 
660 
261 
234 
321 
58 

Mean 



28 
16464 
15822 
12109 
9104 
7601 
2894 
1880 
1266 
953 
706 
1915 
1985 



BQL: below quantitation limit (17 pM) 

NR- No result because of insufficient amount of sample 

• Data points used in half-life determination 

Data points not used in AUC determination (for the second method) 



SE 



131 

174 

253 

323 

214 

325 

435 

213 

143 

46 

134 

62 

14 

~se" 



14 
1975 
2416 
1959 
1066 
1625 
255 
128 
61 
46 
33 
852 
1159 



45 
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Table 2. Pharmacokinetic Parameters of B29-Ne- D aln.it-nvi 




AUC/dose 0-16h(nM+hr/u.g/kg) 



Bioavailabili ty 0-16h (%) 
AUC 0-t (»*) (nM*hr) 



0.34 0.48 0.25 0, 



5.4 



36 0.72 0.17 



AUC/dose 0-t (nM+hr/ng/kg] 



Bioavailabi lity 0-t 
Cmax 



(nMJ 



Cmax /dose 



Tmax 



(nM/^g/kg} 



T 1/2 



(hr) 



(hr) 



6.1 10.2 3.4 



8.3 16.3 5.7 



14.0 19.2 26.1 26.0 "ToTi £75" 



0.55 0,59 0.46 0 .44 1.06 0^24 



9 ' 9 7 -5 4.1 4.9 24.0 



1 ' 31 2 ' 27 2.21 3.37 0.97 



8.41 



1.23 



0.052 0.070 0.039 0,056 0.095 0.038" 
4 1 ~ 4 4 ~ 



6.8 



5 - 8 3.8 4.5 4.3 6.2 



Intravenous 



Dose (ng/kg) 

AUC 0-16h (nM*hr) 

AUC/dose 0-16h(nM*hr/ng/kg) 

AUC 0-t (nM*hr) 

AUC/dose 0-t (nM*hr/>g/k g ) 

Cmax (nM) 

Cmax/dose (nM/fig/kg) 

Tmax (hr) 

T 1/2 (hr) 



Animal No. 
3 4 



7 

39.1 
5.6 

39.1 
5.6 

16.6 

2.38 
0.1 
3.4 



7 

32.9 
4.7 

54.7 
7.8 

25.9 

3.70 
0.2 
3.5 



7 

51.2 
7.3 
78.8 
11.3 
23.4 
3.35 
0.1 
3.8 



7 

30.1 
4.3 

61.6 
8.8 

17.4 

2.49 
0.3 
3.9 



7 

30.9 
4.4 

30.9 
4.4 

14.1 

2.02 

1 
3.2 



7 

20.4 
2.9 

20.4 
2.9 

17.0 

2.43 
0.1 
5.3 



36.4 19.1 
12.1 6.1 

0.39 0.079 

8.3 1.8 
17.4 
0.56 
9.8 
1.89 

0.058 0.009 

3.2 0.5 

5.0^ 1.2 

Mean SE 



34.1 
4.88 
47.6 
6.80 
19.1 
2.73 
0.3 
3.7"* 



★ ★ . 



+ + ★ , 
SE: 



AUC 0-16h = area under the curve from time = 0 to 16 

AUC 0-t = area under the curve from time - 0 to t 
where t is the time point whose serum B29-Nb-m1hh'i-™i 
human insulin concentration appeared to be higher than" 
the average baseline l^v^i ^/Th~ . nigner than 

level. evei of the endogenous insulin 

Harmonic mean 

standard error of the mean 



[0056] The apparent pre-dose serum levels of B29-Ne-palmitoyl-human insulin (60 + ?s nut rcnr^ 

[0057] After reaching peak values, the concentration of immunoreactive material then declined steadily droDoino to 
half the maximum concentration at approximately five hours after dosino Generallv BM nJ oILhI ik dr0pp,ng i to 
serum concentrations returned to baseline level by 24 or « teimS^T T h ****** lmrt °y | " hu "«" 'muta 
human insulin by intravenous administration TJ2& rfspec^ " reCe ' V ' n9 B2 ^^- 

[0058] T1/2 (haff-life) values for inhalation were compare to those obtained by intravenous administration, and 
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were on the order of several hours (Table 2). T1/2 values in the present study were comparable to those measured in 
Z^SsU following subcutaneous ^stra^^ mathod of AUG dete, 

,0059] As — ^ from 3 . 4% to ,6.3% 

single subcutaneo us dose o 0 ^ ^9 ^29 Ne P«. bioavailability of inhaled B29-Ne- 

1-2 urn MMAD, or 2-3 um MMAD. 



30 



35 



40 



Example 2 

Comparison of inhalation with subcutaneous administration 

scribed in Example 1. In each case, blood ' eVe,S *^™„! L ° were 15 uo/kq (0 4 U/kg) for B26-Ne-myristoyl- 

,o.lowing subcutaneous administrate. ^V^f^ 

LysB28ProB 2 9*un^ 

insu,in ' ^iw« rt f R9R-Np-mvristovl-LvsB28ProB29-human insulin analog and 

macokinetic profile (e.g.. TmaxandT1/2) andthe P^SS^ IS milarity could not have been predicted from 
and to the patient. 



so 



55 



.,n/kn\ ■ ■ 


Inhalation (221 ng/ 
kg) 


Serum Immunoreactive Insulin Analog (pM) 


Blood Glucose Con 


centration (mg/dL) 


Time (min) 


Mean 


SE 


Mean 




0 

5 


25.5 
441 


4.7 

108 


100 

102 


0 

5 
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Table 3. (continued) 



Serum Concentratio 
Levels in Male Beag 


ns of Immunoreactive B28-Ne-myr»stoyl-LysB28 > ProB29 -human insulin analog and Glucose 
le Dogs Following a Single Dose by Inhalation (221u,g/kg) or Subcutaneous Administration (15 


Inhalation (221 [ig/ 

kg) 


Serum Immunoreactive Insulin Analog (pM) 


Blood Glucose Concentration (mg/dL) 


Time (min) 


Mean 


| SE 


Mean 


SE 


10 


511 


78 


99 


4 


20 






96 


5 


40 


1544 


400 


75 


3 


60 


1754 


338 


73 


8 


120 


2982 


576 


52 


5 


180 


3103 


682 


52 


8 


240 


2906 


723 


50 


11 


360 


2501 


588 


81 


7 


480 


1796 


245 


80 


13 


960 


839 


117 


97 


6 


1440 


221 


48 


101 


6 


Subcutaneous (15 










ug/kg) 












35 


13 


100 


0 


5 


61 


46 


105 


3 


10 


112 


67 


109 


5 


20 


192 


57 


108 


4 


40 


585 


271 


105 


7 


60 


951 


278 


109 


9 


120 


1484 


404 


101 


4 


180 


1831 


525 


97 


6 


240 


1490 


401 


91 


3 


360 


1622 


593 


93 


10 


480 


1200 


665 


105 


8 


960 


472 


153 


100 


7 


1440 


97 


33 


111 


7 



40 



Table 4. 



Serum Concentrations of Immunoreactive B29-Ne-palmitoyl-human insulin in male beaqle doqs followina a sinole 


dose by inhalation (36 u.g/kg) or Subcutaneous Administration (50 u.g/kg) 




Inhalation (36 u.g/kg) 


Serum Immunoreactive Insulin Analog (pM/^ig/kg) 


Time (h) 


Mean 


SE i 


0 


1.7 


0.3 j 


1 


22.0 


8.9 


2 


33.7 


5.9 


3 


28.2 


8.9 


4 


43.5 


12.0 


6 


27.9 


5.9 


8 


18.1 


3.9 


16 


7.2 


1.3 


24 


6.4 


3.7 
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Table 4. (continued) 


Serum Concentrations of Immunoreactive B29-Ne-palmitoyl-human insulin in male beagle dogs following a single 
hu inhalation (36 uo/kq) or Subcutaneous Administration (50 iigflcg) 


' Subcutaneous (50 U9^9) 






0 


1.1 


0.3 


1 


179 


17.6 


3 


247 


27.0 


6 


218 


29.3 


8 


176 


26.4 


10 


102 


16.4 


12 


80 


14.5 


16 


31 


5.3 


24 


10 


2.2 



rooBSl The relative bioavailability of B2B-Ne-myristoyl-LysB28,ProB29-human .nsul.n analog departed .n the lung 
SmSrel to that Nected subcutaneous* was 11.2% as determined by comparing the maximum blood levels when 
compared to tnaiinj > deposited in the lung below the trachea or in|ected 

^s STese revive bioavailabilities of 11% and 22% should be compared to the values * «» * 

for non acylated insulin that have been observed in previous animal stud.es conducted at Eh Lilly [P.llah R S ef 
Tj of ^ercio/Med.,9:227-240(1996)]and also in human clinical trials [Patton, J. S..e( a/., Raspatory Drug De/rvery 
S'litlhaTpress Buffalo Grove, I L J 99 4). pp. 65-74]. These two publications are incorporated here.n by relerence^ 
SIS^S B28 Ne.myristoyl-LysB28.ProB29-human insulin analog and B29-N e -pa.mitoyl-human .nsul.n are well- 
Lbs^Ld^rouoh the dog lung. Although the degree of absorption is less than that of non«cylated .nsul.n the atty 
acfd Lcvt ed insu "ns are absorbed in an amount effects to reduce glucose leve.s. The pharmacok.net.es of the 
SS^SnihaW insuiins are qufte similar for fatty acid-acylated insulins. One of skill .n the a« recogn'zes 
Tom these data that other fatty acid-acylated insulins and fatty acid-acylated .nsulm analogs are also absorbed from 
rkiTeinTthese data are obtained wfth two representative molecules. These data also create .n the person of 
eNl^artie rSsonabte expectation that these types of mc^ules can be administered by 
having properties known to make them likely to deposft in the lungs of a patient would be ^rtedjn th^ng of a 
Suman parent in need of these molecules to control blood glucose, and that these molecules would be absorbed .nto 

^"ZVeS ha! reference to various specific and preferred embodiments and tech- 

Eel However ft should be understood that many variations and modifications may be made wh.le rema.n,ng wrthin 
7e*wZ scope of the invention. All publications and patent applications in this specif.cat.on are md.cat.ve of the 
level of ordinary skill in the art to which this invention pertains. 



Claims 

1 The use of a fatty acid-acylated human insulin or a fatty acid-acylated insulin analog in the manufacture of a 
medicament for treating diabetes or hyperglycemia by inhalation. 

2. The use according to claim 1 , wherein the medicament is administered by an inhalation device. 

3. The use according to claim 2. wherein the inhalation device is selected from the group consisting ol a nebulizer, 
a metered-dose inhaler, a dry powder inhaler, or a sprayer. 

4. The use according to claim 3, wherein the inhalation device is a jet nebulizer or an ultrasonic nebulizer. 

s The use according to any one of claims 1 to 4, wherein the medicament is comprised of fatty acid-acylated insulin 
o!7a«y ac« acylaLd insulin analog dissolved in an aqueous solvent, or is comprised of fatty acid-acylated .nsuhn 
or tally S acylated insulin analog suspended in an aqueous sotvent, and the solution or suspens.cn .s adm,n- 
istered as an aerosol. 
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6. The use according to claim 3, wherein the inhalation device is a sprayer or a dry powder inhaler. 

7. The use according to claim 6, wherein the medicament is in the form of a dry powder. 

8. The use according to any one of Claims 1 to 7, wherein the fatty acid-acylated human insulin or fatty acid-acylated 
human insulin analog is acylated with a fatty acid having from ten to sixteen carbon atoms. 

9. The use according to claim 8, wherein the fatty acid-acylated insulin is B29-Ne-myristoyl-human insulin or B29-Ne- 
palmitoyl-human insulin or wherein the fatty acid-acylated insulin analog is B28-Ne-mynstoyl-LysB28,ProB29-hu- 
man insulin analog or B29-Ne-myristoyl-des(ThrB30)-human insulin analog 



10. An inhalation device comprising a fatty acid-acylated human insulin or fatty-acid-acylated insulin analog for 
according to any one of claims 1 to 9. 9 



use 
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